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Abstract

Background

Although acute bronchitis is quite common, there is relatively limited information regarding
the microorganisms that are involved in this iliness.

Methods

We performed a prospective study of acute bronchitis at 31 hospitals and clinics in Korea
from July 2011 to June 2012. Sputum specimens were collected for polymerase chain reac-
tion (PCR) and culture of microorganisms.

Results

Of the 811 enrolled patients, 291 had acceptable sputum specimens that were included for
analysis of the etiologic distribution. With multiplex PCR testing, viruses were identified in
36.1% (105/291), most commonly rhinovirus (25.8%) and coronavirus (3.8%). Typical bac-
teria were isolated in 126/291 (43.3%) patients. Among these patients Haemophilus influ-
enzae (n = 39) and Streptococcus pneumoniae (n = 30) were isolated most commonly;
atypical bacteria were identified in 44 (15.1%) patients. Bacteria-only, virus-only, and
mixed infections (bacteria plus virus) accounted for 36.7% (98/291), 17.2% (50/291), and
18.9% (55/291) of infections, respectively. In particular, 52.4% of patients with viral infec-
tion had a concurrent bacterial infection, and rhinovirus was the most common virus in
mixed infections (40/55). Additionally, infections with typical bacteria were more common in
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patients with chronic lung disease (p = 0.029), and typical bacterial infections showed a
trend towards a higher prevalence with older age (p=0.001).

Conclusions

Bacteria were associated with almost half of community-acquired acute bronchitis cases.
Additional studies are required to further illuminate the role of bacteria and to identify patient
groups most likely to benefit from antibiotic treatment.

Introduction

Acute bronchitis is an inflammation of the large airways that is characterized by cough and/or
sputum that usually lasts one to three weeks [1]. It is one of the most common illnesses among
outpatients, and many patients receive antibiotic therapy [1-3].

Traditionally, viruses have been considered the main causative agent of acute bronchitis,
possibly explaining the limited benefits of antibiotics [3-5]. However, data regarding the causa-
tive microorganisms are still limited. In previous studies, viruses were isolated in 8-23% of
community-based cases, not frequently enough to conclude that viruses are the main causal
agents for acute bronchitis [6]. Macfarlane et al. identified viruses in only 19% of patients,
while typical and atypical bacteria were identified in 25.9% and 23.7% of patients, respectively
[7]. In other studies, bacteria were detected in sputum samples in 45% of acute bronchitis
patients [8, 9]. In addition, several authors suggested that some patients with acute bronchitis
had mixed infections involving both viruses and bacteria. However, the exact prevalence and
clinical characteristics of mixed infections have not been well studied [10]. Moreover, it is not
clear which subgroup of patients with acute bronchitis could benefit from antibiotic treat-
ments. Recent big data from the UK show that antibiotics substantially reduce the risk of pneu-
monia after acute bronchitis, particularly in elderly people in whom the risk is highest [11].

Therefore, in the present study, we aimed to investigate the frequencies and characteristics
of viral, bacterial, and mixed infections in acute bronchitis in the community. We also hypoth-
esized that the frequencies of these etiologies would vary with underlying lung co-morbidities
and age.

Methods
Study design

Adult patients with acute bronchitis were prospectively recruited at 31 Korean hospital outpa-
tient departments and primary clinics between July 2011 and June 2012 (6 university-affiliated
teaching hospitals, 5 non-teaching community hospitals, and 20 primary clinics). Sputum sam-
ples for Gram stains, conventional cultures, and polymerase chain reaction (PCR) were collected
from each patient before any medications (including antibiotics) were prescribed. Medications
were chosen at the physicians’ discretion. The study protocol was approved by the Institutional
Review Board of Hallym University Sacred Heart Hospital (the principal institute, 2011-1049)
and each participating hospital. All participants provided informed written consent.

Patients were eligible if they were >18 years old and visited the outpatient clinic because of
cough (duration < 1 month) with sputum production. Acute bronchitis is a clinical diagnosis,
and therefore, a wrong diagnosis is possible. Coughing symptom may have almost all respira-
tory illnesses as a differential diagnosis. However, symptoms such as sputum production, after
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carefully discriminating from postnasal drip, could also lead to a diagnosis of lower respiratory
inflammation. Patients with typical upper respiratory infection (URI) and symptoms of influ-
enza or influenza-like illness (ILI) during the epidemic period were excluded by participating
physicians. We tried to rule out URI by conducting detailed medical interviews, throat exami-
nation, and by auscultation. Typically, URI was defined as an infection affecting patients pre-
senting with key symptoms such as sore throat, and nasal symptoms (nasal obstruction, runny
nose) with cough. ILI was defined as an abrupt onset of fever with non-productive cough or
sore throat [12]. The period of the influenza epidemic was determined by means of a national
respiratory virus surveillance system which was broadcast weekly [13]. In some cases, chest
radiographs were done at the investigating physician’s discretion, in order to rule out pneumo-
nia. Other exclusion criteria were: 1) history of antibiotic treatment < 7 days before the visit, 2)
exacerbation of chronic lung disease within 6 months, 3) active lesion on the chest or paranasal
sinus radiographs (when available), 4) immunocompromised status, and 5) confirmed alterna-
tive cause for the cough (e.g., drugs [newly started on angiotensin-converting enzyme inhibi-
tors], pneumonia, allergic rhinitis, sinusitis, or gastro-esophageal reflux). Stable chronic lung
disease patients were not excluded.

Data collection

Clinical information was collected by the investigators at outpatient clinics. Data on chronic
respiratory diseases, such as asthma, bronchiectasis (BE), and chronic obstructive pulmonary
disease (COPD), were collected by reviewing the history and medical records at the enrollment
stage of the study. We also investigated the characteristics of the cough (paroxysms, inspiratory
whooping, or post-tussive vomiting). At enrollment, sputum specimens were collected from all
patients. Sputum amount was classified as scanty (<10 cc/day), moderate (10-50 cc/day), or
large (>50 cc/day), and sputum color was classified as white, yellow, brown, or green. The lat-
ter three colors were considered to be purulent sputum [14]. Sputum specimens were trans-
ferred at room temperature to a central laboratory, and plated on culture media on the day of
collection. As this study was based on data obtained from outpatient clinics, we enrolled sub-
jects during working days (5 days a week) [15]. Sputum specimens were considered acceptable
if they satisfied Murray-Washington classification degrees IV (10-25 epithelial cells and >25
PMN:s per field) or V (<10 epithelial cells and >25 PMNs per field) [16]. Sputum specimens
were cultured using routine bacteriological procedures as per guidelines from Clinical and Lab-
oratory Standard Institute [17].

Multiplex reverse transcriptase (RT)-PCR for viruses. Multiplex RT-PCR was per-
formed using the DiaPlexC™ RV13 Detection Kit (Solgent, Daejeon, South Korea). We used a
viral primer panel targeting influenza A and B; respiratory syncytial virus; parainfluenza virus
1, 2, and 3; coronavirus 229E and OC43; human metapneumovirus (hMPV); enterovirus, rhi-
novirus; human bocavirus; and adenovirus [18]. RT-PCR was performed using a C1000
Touch™ Thermal Cycler (Bio-Rad, Hercules, CA, USA).

PCR for atypical bacteria. PCR assays for the detection of Mycoplasma pneumoniae and
Chlamydophila pneumoniae were performed as previously described with primers targeting the
p1 adhesin gene of M. pneumoniae and the 16S rRNA gene of C. pneumoniae [19]. For Legio-
nella pneumophila, the primers were targeted at specific regions within the 55 rRNA gene (5' -
ACTATAGCGATTTGGAACCA-3" and 5' -GCGATGACCTACTTTCGCAT-3") [20]. PCR test-
ing for Bordetella pertussis was performed as described by Nelson et al. [21]. We used the
repeated-insertion sequence: primers BP1 (5' -GATTCAATAGGTTGTATGCATGGTT-3")and
BP2 (5'-TTCAGGCACACAAACTTGATGGGCG-3").PCR assays for viruses and atypical bac-
teria were performed, regardless of sputum acceptability (S1 File).
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Data analysis

Categorical variables were analyzed using the chi-square test or Fisher’s exact test. Continuous
variables were analyzed using Student’s ¢-tests or the Mann-Whitney U-test. A p-value <0.05
was considered statistically significant. All analyses were conducted using SPSS statistical soft-
ware (IBM SPSS Statistics version 21; IBM, Armonk, NY, USA).

Results
Baseline characteristics

We enrolled 811 patients: 526 from primary clinics, 111 from non-teaching community hospi-
tals, and 174 from university-affiliated teaching hospitals. The mean patient age was

48.2 + 16.8 years and 357 (44.0%) were men (Table 1). Acceptable sputum specimens were
received from 291 (35.9%) patients. The mean cough duration before outpatient visits was
shorter (acceptable: 6.98 days vs. unacceptable: 8.67 days, p < 0.001), the sputum amount was

Table 1. Clinical characteristics of 811 patients with acute bronchitis.

Variables Total (n =811) Acceptable sputum (n =291)*
Mean age, yr 48.2+16.8 49.4+17.3
Gender, male 357 (44.0) 123 (42.3)
Current smoker 165 (20.3) 56 (19.2)
Systemic disease
Hypertension 127 (15.7) 44 (15.1)
Diabetes mellitus 49 (6.0) 21(7.2)
Chronic heart disease 17 (2.1) 4(1.4)
Chronic kidney disease 4(0.5) 1(0.3)
Cerebrovascular disease 5(0.6) 2(0.7)
Pulmonary comorbidities 152 (18.7) 76 (26.1)
Asthma only 66 (8.1) 29 (10.0)
COPD only 41 (5.1) 27 (9.3)
Bronchiectasis only 31(3.8) 12 (4.1)
Combined lung diseases 14 (1.7) 8(2.7)
Symptoms
Duration of cough, day 8.06 £ 6.49 6.98+5.15
Sputum amount (>moderate) 335 (41.3) 156 (53.6)
Purulent sputum 389 (48.0) 165 (56.7)
Rhinorrhea 283 (34.9) 111 (38.1)
Sore throat 272 (33.5) 108 (37.1)
Dyspnea 89 (11.0) 33(11.3)
Fever 32(3.9) 16 (5.5)
Chest pain 94 (11.6) 32(11.0)
Signs
Wheezing 64 (7.9) 34 (11.7)
Crackle 74 (9.1) 35 (12.0)
Rhonchi 240 (29.6) 108 (37.1)
Stridor 16 (2.0) 10 (3.4)

* Acceptable sputum was defined by satisfying Murray-Washington classification degree IV or V.
Abbreviations: COPD, chronic obstructive pulmonary disease. Combined lung diseases include Asthma + COPD, asthma + bronchiectasis, COPD
+ bronchiectasis, and all three diseases together.

doi:10.1371/journal.pone.0165553.t001
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larger (moderate to large amount; acceptable: 53.6% vs. unacceptable: 34.4%, p < 0.001), and
purulent sputum was more common among patients with acceptable sputum samples than in
patients with unacceptable sputum samples (acceptable: 56.7% vs. unacceptable: 43.2%,

p < 0.001). Lower respiratory signs, such as wheezing, crackles, rhonchi, and stridor, were
more common in the acceptable sputum group (S1 Table).

Microbiological findings

Of the 811 enrolled patients, 291 (35.9%) had acceptable sputum specimens that were included
for analysis of the etiologic distribution. With multiplex PCR testing, viruses were identified in
36.1% (105/291) (Fig 1), most commonly rhinovirus (25.8%) and coronavirus (3.8%). Co-
infection with >1 virus was detected in 16 (5.5%) patients, most commonly rhinovirus plus
enterovirus (6/291) and rhinovirus plus adenovirus (4/291). Viruses were identified signifi-
cantly more during the fall and winter (42.5% September—Februaryvs. 26.5% March-August,
p = 0.005). Rhinovirus showed a peak incidence during the fall (Fig 2). PCR tests for atypical
pathogens were positive in 15.1% (44/291) of patients (M. pneumoniae, n = 18; C. pneumoniae,
n = 1; L. pneumophila, n = 15; and B. pertussis, n = 11). Overall, 165 strains of typical bacteria
were cultured from 126 (43.3%) patients. Haemophilus influenzae (13.4%, 39/291) and Strepto-
coccus pneumoniae (10.3%, 30/291) were isolated most frequently. Co-infection with >1 typi-
cal bacteria was found in 6.2% (18/291) of investigated patients (Table 2).

Mixed infection with at least one bacterium (typical or atypical) and at least one virus was
demonstrated in 18.9% (55/291) of patients with acceptable sputum. Bacteria-only and virus-
only infection were observed in 33.7% (98/291) and 17.2% (50/291) of the patients, respec-
tively, while no organism was identified in the remaining 30.2% (88/291) of patients (Fig 1).
More than 50% of patients with viral infection (55/105) had a concurrent infection with at least

n=811, Acute bronchitis cases
(July 2011 - June 2012)

n=520, Not acceptable sputum n=291, Acceptable sputum
Murray-Washington classification Murray-Washington classification
degree 1,2 or 3 degree 4 or 5
Typical bacteria, n=126
Atypical bacteria, n=64 Atypical bacteria, n=44
Virus, n=150 Virus, n=105
Unknown, n=325 Unknown, n=88

Fig 1. Etiology of acute bronchitis in 291 patients with acceptable sputum and 520 patients with unacceptable sputum.
doi:10.1371/journal.pone.0165553.g001
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Fig 2. Seasonal distribution of the causative viruses identified in 291 patients with acute bronchitis.

doi:10.1371/journal.pone.0165553.9002

one bacterial agent. Rhinovirus was the most common virus in mixed infections with bacteria
(72.7%, 40/55). The distribution of mixed infections in patients with acceptable sputum is
shown in S2 Table.

Microorganisms in patients with and without underlying lung disease

The overall prevalence of viral infections was similar for patients with and without chronic
lung disease (Table 3). Infections caused by atypical pathogens, especially M. pneumoniae were
observed less frequently in chronic lung disease patients, whereas infections with typical bacte-
ria were detected more commonly in patients with chronic lung disease (53.9% vs. 39.5%

p = 0.029). However, the incidences of co-infection (i.e., by multiple bacterial agents) and
mixed infection (i.e., with both bacterium and virus) did not differ significantly between

patients with and without chronic lung disease.

Microorganisms according to age

For viruses, the overall prevalence was higher in younger patients (Table 4, p = 0.046). Rhinovi-
rus was the most prevalent cause of infection in <40-year-old patients (34.4%) and showed a
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Table 2. Distribution of the microorganisms identified in 291 patients with acute bronchitis with
acceptable sputum.

Etiologic agents (isolated patients) No. (%)
Viral pathogens (n = 105/291)
Rhinovirus 75 (25.8)
Coronavirus 11 (3.8)
Adenovirus 8(2.7)
Parainfluenza virus 7(2.4)
Enterovirus 6(2.1)
Human metapneumovirus 4(1.4)
Respiratory syncytial virus 4(1.4)
Influenza A 3(1.0)
Human bocavirus 2(0.7)
Influenza B 1(0.3)
Multiple viral co-infection 16 (5.5)
Atypical bacterial pathogens (n = 44/291)
Mycoplasma pneumoniae 18 (6.2)
Legionella pneumophila 15 (5.2)
Bordetella pertussis 11 (3.8)
Chlamydophila pneumoniae 1(0.3)
Typical bacterial pathogens (n = 126/291)
Haemophilus Influenzae 39 (13.4)
Streptococcus pneumoniae 30(10.3)
Klebsiella pneumoniae 20 (6.9)
Moraxella catarrhalis 17 (5.8)
Staphylococcus aureus 14 (4.8)
Pseudomonas aeruginosa 8(2.7)
Haemophilus parainfluenzae 5(1.7)
Group B 8-hemolytic Streptococcus 3(1.0)
Group A 8-hemolytic Streptococcus 2(0.7)
Stenotrophomonas maltophilia 2(0.7)
Streptococcus agalactiae 1(0.3)
Other Gram negative rod 5(1.7)
Multiple typical bacterial co-infection 18 (6.2)

doi:10.1371/journal.pone.0165553.1002

trend of declining prevalence with older age (p = 0.044). For typical bacterial agents, there was
a trend of higher prevalence at older ages (p = 0.001). There were no significant differences for
atypical pathogen. The prevalence of co-infection and mixed infection did not differ across the
three age groups.

Clinical characteristics according to microorganism group

We compared clinical characteristics according to microorganism groups (Table 5). The bacte-
ria-only group was significantly older (mean age, 52.2 vs. 43.3 years; p = 0.004) and included
significantly more men (52.0% vs. 34.0%; p = 0.037) than the virus-only group. Only sore
throat was more common in the virus-only group than in the bacteria-only group (32.7% vs.
52.0%; p = 0.023). Patients with mixed infections (55/291) showed intermediate values between
the bacteria-only and virus-only groups in terms of mean age, sex ratio, and sore throat
prevalence.

PLOS ONE | DOI:10.1371/journal.pone.0165553 October 27, 2016 7/15
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Table 3. Distribution of the microorganisms identified in 291 patients with acute bronchitis according to lung co-morbidities.

Microorganism

Virus
Rhinovirus
Coronavirus
Adenovirus
Parainfluenza virus
Enterovirus
Influenza A
Respiratory syncytial virus

Atypical bacteria
M. pneumoniae
L. pneumophila
C. pneumoniae
B. Pertussis

Typical bacteria
H. Influenzae
S. pneumoniae
K. pneumoniae
M. catarrhalis
S. aureus
P. aeruginosa
Others

Co-infection with multi-
bacteria

Mixed infection with bacteria
and virus

Without chronic lung
disease (n =215)

75 (34.9)
54 (25.1)
9(4.2)
8(3.7
2(0.9
4(1.9
2(0.9
2(0.9)
37 (17.2)
17 (7.9)
8(3.7)
1(0.5)
11 (5.1)
5 (39.5)
7 (12.6)
20 (9.3)
(
(

)
)
)
)

3(6.0)
1(5.1)
11 (5.1)
4/(1.9)
11 (5.1)
11 (5.1)

38 (17.7)

Chronic lung disease, Asthma COPD BE Combined lung
Total (n =76) (n=29) (n=27) (n=12) | diseases(n=8)
30 (39.5) 13 (44.8) 11 (40.7) 3(25.0) |3(37.5)
21 (27.6) 11(37.9) 6 (22.2) 2(16.7) |2(25.0)
2(2.6) 2(6.9) 0(0) 0(0) 0(0)
0(0.0) 0(0) 0(0) 0(0) 0(0)
5(6.6)* 1(3.4) 2(7.4) 1(8.3) 1(12.5)
2(2.6) 2(6.9) 0(0) 0(0) 0(0)
1(1.3) 0(0) 1(3.7) 0(0) 0(0)
2(2.6) 0 (0) 2(7.4) 0(0) 0(0)
7(9.2) 1(3.4) 3(11.1) 2(16.7) |1(12.5)
1(1.3)* 0 (0) 0(0) 1(8.3) 0(0)
7(9.2) 1(3.4) 3(11.1) 2(16.7) |1(12.5)
0(0.0) 0 (0) 0(0) 0(0) 0(0)
0(0.0) 0 (0) 0(0) 0(0) 0(0)
41 (53.9)* 12 (41.4) 16 (59.3)* |7(58.3) |6(75.0)
12 (15.8) 2(6.9) 5(18.5) 2(16.7) |3(37.5)
10 (13.2) 5(17.2) 2(7.4) 0(0) 3(37.5)*
7(9.2) 4(13.8) 2(7.4) 1(8.3) 0(0)
6(7.9) 2(6.9) 3(11.1) 0(0) 1(12.5)
3(3.9) 1(3.4) 0(0) 2(16.7) |0(0)
4 (5.3) 0(0) 2(7.4) 1(8.3) 1(12.5)
7(9.2) 2(6.9) 2(7.4) 3(25.0)* | 0(0)
7(9.2) 3(10.3) 0(0) 2(16.7) |2(25.0)
17 (22.4) 6(20.7) 6 (22.2) 2(16.7) |3(37.5)

*p < 0.05 for the comparison with patients without underlying chronic lung disease.
Abbreviations: COPD, chronic obstructive pulmonary disease; BE, bronchiectasis. Combined lung diseases include Asthma + COPD, asthma + BE, COPD
+ BE, and all three diseases together.

doi:10.1371/journal.pone.0165553.t1003

Discussion

To the best of our knowledge, this is among the largest prospective multicenter studies regard-
ing the microbiology of acute bronchitis. Notably, about 50% of patients with acute bronchitis
and acceptable sputum had evidence of bacterial infection (typical or atypical), a higher fre-
quency than that of viral infection. Also, the distributions of infectious etiologies differed by
age and the presence of underlying chronic lung disease. Finally, mixed infections were com-
mon, and >50% of patients with viral infections also had bacterial infections.

In recent placebo-controlled randomized trials, antibiotics appeared to provide minimal
benefit in treating acute bronchitis [4, 5, 22]. Therefore, it is often assumed that acute bronchi-
tis is primarily a viral disease [4, 5]. Accordingly, previous studies have usually focused on viral
etiologies and did not include sputum cultures, or used only serological tests for bacteria, and
may have underestimated the bacteria’s role in acute bronchitis [23-25]. Creer et al. detected
bacteria and viruses in 26% and 63% of acute bronchitis patients, respectively, prompting the
authors to consider bacterial infection relatively uncommon [26]. However, they collected spu-
tum specimens for bacterial cultures from only a portion of patients, most patients submitted
swabs and nasal aspirates for viral testing, and sputum specimen adequacy was not discussed.

PLOS ONE | DOI:10.1371/journal.pone.0165553 October 27, 2016
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Table 4. Distribution of the causative microorganisms identified in 291 patients with acute bronchitis according to age group.

Age 40-59 (n = 95)

Virus
Rhinovirus
Adenovirus
Parainfluenza virus
Coronavirus
Enterovirus
Respiratory syncytial virus
Influenza A
Human metapneumovirus
Co-infection with multi-virus
Atypical bacteria
M. pneumoniae
C. pneumoniae
L. pneumophila
B. pertussis
Typical Bacteria
H. Influenzae
S. pneumoniae
K. pneumoniae
M. catarrhalis
S. aureus
P. aeruginosa
Other bacteria

Co-infection with multi-bacteria
Mixed infection with bacteria and virus

doi:10.1371/journal.pone.0165553.t004

Age 18-39 (n = 96)
42 (43.8) 3
33(34.4) 2

8(8.3)
0(0)

(5.2)

(3.1)

(1.0

(1.0

(1.0

(12.5)

(18.8) 1

(8-3)

(1.0)

(4.2)

(5.2)

(35.4) 3

(13.5)

(7.3)

(4.2)

(6.3)

(4.2)

(1.0

(5.2)

(5.2)

(19.8) 1

5
3
1
1
1
12
18
8
1
4
5
34
13
7
4
6
4
1
5
5
9

1

6 (37.9)
3(24.2)
0(0)
(3.2)
4.2)
(1.1)
(3.2)
(1.1
(3.2)
2.1)
(14.7)
(8.4)

0(0)
2.1)
4.2)
(35.8)
(9.5)
(8.4)
(5.3)
(5.3)
(
(
(
(
(

3
4
1
3
1
3
2
4
8

6.3)
1.1)
5.3)
5.3)

2
4
A
9
8
5
5
6
1
5
5
9 (20.0)

Age 60- (n = 100)
27 (27.0)

19 (19.0)
0(0)
4(4.0)
2(2.0)
2(2.0)

0(0)
1(1.0)

0(0)
2(2.0)

12 (12.0)
2(1.0)

0(0)
9(9.0)
2(2.0)

58 (58.0)
7(17.0)
5(15.0)
1(11.0)
6( 0)
4(4.0)
6 (6.0)
8(8.0)
8(8.0)
17 (17.0)

P value

0.046
0.044
0.001
0.159
0.482
0.601
0.157
0.999
0.157
0.001
0.416
0.100
0.361
0.081
0.482
0.001
0.468
0.075
0.058
0.943
0.949
0.033
0.415
0.415
0.816

In contrast, we collected sputum specimens from all patients for viral, typical bacterial, and

atypical bacterial infection simultaneously.
Although previous studies showed that antibiotics have little benefit in treating acute
bronchitis, several factors may have affected the results [4, 5, 27]. First, patients included in

such studies were inhomogeneous, and a considerable proportion of them may have had

only upper respiratory tract infections (URIs). It is more appropriate to evaluate antibiotic
effects in a fully differentiated group of bacterial etiologies. Second, the use of the term ‘bacte-
rial infection’ in the lower respiratory tract does not necessarily imply that there is a require-
ment for antibiotics. Many of these infections can be cured without antibiotics [28]. Third,
even if bacterial infections were treated using antibiotics, subjective symptoms, such as post-
infectious cough or upper-airway cough syndrome, might persist [29]. Interestingly, in a ran-
domized controlled trial of patients with URIs, antibiotics were clinically beneficial for a sub-
group whose nasopharyngeal secretions contained respiratory bacteria [30]. Although the
presence of bacterial agents does not always indicate a disease, antibiotic treatments might be

beneficialin subgroups of patients with bacterial etiologies. C-reactive protein or procalcito-

nin levels may eventually provide an objective marker for evaluating the need for antibiotic

treatment [31].

Recent studies have used the term “lower respiratory tract infection (LRTI)” for conditions
approximating acute bronchitis. LRTT is characterized by acute cough, with at least one other
lower respiratory tract symptom, including purulent sputum, dyspnea, wheezing, chest
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Table 5. Characteristics of patients with acute bronchitis according to microbiological categories in 291 patients with acceptable sputum (Mur-
ray-Washington classification degree IV or V).

Mixed* (n =55) |Bacteriaonly (n=98) |Virusonly(n=50) |Unknown (n=288) |P-vale Bacteriaonly vs. Virusonly

Mean age 49.0+17.7 52.2+17.6 43.3+17.6 49.9+16.1 0.004
Sex, male 23 (41.8) 51 (52.0) 17 (34.0) 32 (36.4) 0.037
Underlying lung disease 17 (30.9) 25 (25.5) 13 (26.0) 21(23.9) 0.949
Symptoms
Duration of cough, day 6.5+4.1 6.6+4.4 59+55 8.3+6.1 0.408
Cough
Paroxysmal cough 31 (56.4) 49 (50.0) 29 (58.0) 42 (47.7) 0.357
Whooping cough 5(9.1) 12(12.2) 7 (14.0) 9(10.2) 0.763
Post-cough vomit 6(10.9) 2(2.0) 2 (4.0) 2(2.3) 0.487
Sputum color
White 21(38.2) 40 (40.8) 28 (56.0) 37 (42.0)
Purulent 34 (61.8) 58 (59.2) 22 (44.0) 51 (58.0) 0.080
Yellow 32 (58.2) 54 (55.1) 22 (44.0) 44 (50.0)
Brown 1(1.8) 1(1.0) 0(0.0) 5(5.7)
Green 1(1.8) 3(3.1) 0(0.0) 2(2.3)
Sputum amount 0.639
Scanty 28 (50.9) 44 (44.9) 22 (44.0) 41 (46.6)
Moderate 27 (49.1) 49 (50.0) 27 (54.0) 44 (50.0)
Large amount 0( 0) 5(5.1) 1(2.0) 3(3.4)
Rhinorrhea 27 (49.1) 35 (35.7) 23 (46.0) 26 (29.5) 0.225
Sore throat 26 (47.3) 32(32.7) 26 (52.0) 24 (27.3) 0.023
Dyspnea 6(10.9) 14 (14.3) 5(10.0) 8(9.1) 0.461
Hemoptysis 2(3.6) 3(3.1) 0(0.0) 3(3.4) 0.211
Headache 12 (21.8) 21 (21.4) 11 (22.0) 17 (19.3) 0.936
Fever 3(5.5) 4(4.1) 6(12.0) 3(3.4) 0.069
Chillness 7 (12.7) 8(8.2) 2(4.0) 7 (8.0) 0.340
Myalgia 14 (25.5) 24 (24.5) 7 (14.0) 10(11.4) 0.138
Malaise 9(16.4) 13(13.3) 5(10.0) 8(9.1) 0.565
Chest pain 3(5.5) 11(11.2) 7 (14.0) 11 (12.5) 0.625
Signs
Wheezing 3(5.5) 14 (14.3) 5(10.0) 12 (13.6) 0.461
Crackle 3(5.5) 12 (12.2) 6(12.0) 14 (15.9) 0.966
Rhonchi 18 (32.7) 41 (41.8) 16 (32.0) 33(37.5) 0.245
Stridor 2(3.6) 4(4.1) 2 (4.0) 2(2.3) 1.000

*Mixed infection with at least one bacterium (typical or atypical) and at least one virus.

doi:10.1371/journal.pone.0165553.t005

discomfort, or chest pain [1, 4, 7, 10]. In our study, we attempted to limit patient enrollment to
patients with acute bronchitis; however, some URI patients might have been enrolled because
of symptom overlap. This potential bias should be considered when interpreting our results
[25]. However, the cohort of 291 patients with acceptable sputum could be considered as a
purer group of acute bronchitis patients. Patients with acceptable sputum had more sputum
production and auscultatory abnormalities, strongly supporting the diagnosis of LRTT [10].

In earlier studies, viral prevalence was 9.2-61.3% and rhinovirus or influenza were most
commonly detected [7, 8, 26, 32, 33]. Importantly, not all studies spanned an entire year, and
some were limited to the winter influenza season [25, 33]. We enrolled patients for an entire
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year, but fewer were enrolled during the winter, likely because we excluded those with typical
symptoms of influenza during the winter (December-February).

In our study, the most common bacterial agent was H. influenzae, followed by S. pneumo-
niae. Some previous studies found S. pneumoniae to be the most frequent pathogen [7, 26],
while others found H. influenzae more frequently [28, 34]. However, with the detection of
pneumococcal antigens in sputum or urine, or PCR on airway secretions, S. pneumoniae is
found in 17-19% of LRTI cases [7, 26]. Because we only used sputum cultures to detect typical
bacteria, the incidence of S. pneumoniae might have been underestimated. Interestingly, S.
pneumoniae was isolated in older patients twice as commonly than in younger patients (>60
vs. <40 years: 15.0% vs. 7.3%, p = 0.075). Therefore, pneumococcal vaccines may be beneficial
in preventing acute bronchitis associated with S. pneumoniae in older patients. Additional
studies are warranted.

Mixed infection occurred in 18.9% of our patients, in 22-32% of patients in previous studies
of LRTI [7, 8, 26], and in 6-26% of non-immunocompromised adults with community-
acquired pneumonia (CAP) [10]. The most typical combination has been viral-bacterial mixed
infection [10, 35]. In our study, rhinovirus was the most common virus in mixed infections.
Several studies have suggested that rhinovirus can be pathogenic for LRTT, but it is unclear
whether rhinovirus triggers secondary bacterial infection [36-38]. Also, viral-bacterial mixed
infections have induced more severe inflammation and disease than individual infections in
CAP cases [35, 39, 40]. Clinical features and outcomes have not been studied in patients with
mixed infection acute bronchitis or LRTT without pneumonia, and we found no distinct char-
acteristics of mixed infections.

We did not exclude patients with chronic lung disease, a large proportion of the patients
evaluated for cough in our clinics. In a recent review, Mohan et al. detected viruses via PCR
and RT-PCR in 34.1% of patients with an acute exacerbation of COPD [41]. The same rate
(34.1%) was observed for COPD patients in our study. However, none of our COPD or asthma
patients were positive for M. pneumoniae, C. pneumoniae, or B. pertussis. Despite potential
methodological problems, studies using PCR also found no COPD exacerbations associated
with M. pneumoniae or C. pneumoniae [42, 43]. In a previous multicenter study, we demon-
strated the absence of B. pertussis in patients with chronic lung disease [44].

We found that the prevalences of rhinovirus, adenovirus, and M. pneumoniae with acute
bronchitis were higher in young adults. This observation is consistent with prior LRTI studies
[33]. Conversely, the frequency of typical bacteria was higher in the older age group, as demon-
strated in studies of CAP [45, 46]. This result suggests antibiotics may be more beneficial in
older patients with acute bronchitis. Petersen et al. reported that antibiotics substantially reduced
pneumonia risk after chest infection (acute bronchitis), particularly in elderly patients [11].

In summary, bacterial infections were identified as the etiology for about half of the 35.9%
of acute bronchitis patients who had acceptable sputum. The infectious etiologies differed by
age and the presence of underlying chronic lung disease. Further, mixed infection with both
bacteria and viruses were common. Future research should be directed at the identification of
patient groups most likely to benefit from antibiotic treatment.

Supporting Information

S1 File. Supplementary methods.
(DOCX)

S1 Table. Comparison of clinical characteristics in patients with acceptable sputum and
unacceptable sputum.
(DOCX)

PLOS ONE | DOI:10.1371/journal.pone.0165553 October 27, 2016 11/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0165553.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0165553.s002

@° PLOS | ONE

Bacterial Infection in Acute Bronchitis

S2 Table. The distribution of mixed infections in patients with acceptable sputum.
(DOCX)

Acknowledgments

The authors would like to thank Yee Hyung Kim (Kyung Hee University), Jun Wook Ha
(Cheongchun Clinic of Internal Medicine), Ji-Won Suhr (Hanaro Clinic of Internal Medicine),
Eui Hun Jeong (Hallym Clinic of Internal Medicine), Tae Rim Park (Konwoo Clinic of Internal
Medicine) for their contribution to this study.

Author Contributions

Conceptualization: YIH K-SJ SP.

Data curation: SP JYP.

Formal analysis: JYP SP YIH.

Investigation: MGL YBP KCO JML DIK K-HS K-CS KHY YK SHJ YIH K-SJ.
Methodology:JYP SP.

Resources: SHL SP.

Validation: SHL.

Writing - original draft: JYP SP YIH.

Writing - review & editing: SHL MGL YBP KCO JML DIK K-HS K-CS KHY YK SHJ YIH K-
SJ.

References

1.  Wenzel RP, Fowler AA. Acute Bronchitis. N Engl J Med. 2006; 355(20):2125-30. doi: 10.1056/
NEJMcp061493 PMID: 17108344,

2. WangJ, Wang P, Wang X, Zheng Y, Xiao Y. Use and prescription of antibiotics in primary health care
settings in China. JAMA Intern Med. 2014; 174(12):1914—20. Epub 2014/10/07. doi: 10.1001/
jamainternmed.2014.5214 PMID: 25285394.

3. Gonzales R, Bartlett JG, Besser RE, Cooper RJ, Hickner JM, Hoffman JR, et al. Principles of appropri-
ate antibiotic use for treatment of uncomplicated acute bronchitis: background. Ann Intern Med. 2001;
134(6):521-9. Epub 2001/03/20. PMID: 11255532.

4. Llor C, Moragas A, Bayona C, Morros R, Pera H, Plana-Ripoll O, et al. Efficacy of anti-inflammatory or
antibiotic treatment in patients with non-complicated acute bronchitis and discoloured sputum: rando-
mised placebo controlled trial. BMJ. 2013; 347:f5762. Epub 2013/10/08. doi: 10.1136/bm].f5762
PMID: 24097128; PubMed Central PMCID: PMCPmc3790568.

5. Little P, Stuart B, Moore M, Coenen S, Butler CC, Godycki-Cwirko M, et al. Amoxicillin for acute lower-
respiratory-tract infection in primary care when pneumonia is not suspected: a 12-country, rando-
mised, placebo-controlled trial. Lancet Infect Dis. 2013; 13(2):123-9. Epub 2012/12/26. doi: 10.1016/
$1473-3099(12)70300-6 PMID: 23265995.

6. Smith SM, Fahey T, Smucny J, Becker LA. Antibiotics for acute bronchitis. Cochrane Database Syst
Rev. 2014; 3:Cd000245. Epub 2014/03/04. doi: 10.1002/14651858.CD000245.pub3 PMID:
24585130.

7. Macfarlane J, Holmes W, Gard P, Macfarlane R, Rose D, Weston V, et al. Prospective study of the inci-
dence, aetiology and outcome of adult lower respiratory tract illness in the community. Thorax. 2001;
56(2):109-14. Epub 2001/02/24. PMID: 11209098; PubMed Central PMCID: PMCPmc1746009. doi:
10.1136/thorax.56.2.109

8. Macfarlane JT, Colville A, Guion A, Macfarlane RM, Rose DH. Prospective study of aetiology and out-
come of adult lower-respiratory-tract infections in the community. Lancet. 1993; 341(8844):511—4.
Epub 1993/02/27. PMID: 8094769.

PLOS ONE | DOI:10.1371/journal.pone.0165553 October 27, 2016 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0165553.s003
http://dx.doi.org/10.1056/NEJMcp061493
http://dx.doi.org/10.1056/NEJMcp061493
http://www.ncbi.nlm.nih.gov/pubmed/17108344
http://dx.doi.org/10.1001/jamainternmed.2014.5214
http://dx.doi.org/10.1001/jamainternmed.2014.5214
http://www.ncbi.nlm.nih.gov/pubmed/25285394
http://www.ncbi.nlm.nih.gov/pubmed/11255532
http://dx.doi.org/10.1136/bmj.f5762
http://www.ncbi.nlm.nih.gov/pubmed/24097128
http://dx.doi.org/10.1016/s1473-3099(12)70300-6
http://dx.doi.org/10.1016/s1473-3099(12)70300-6
http://www.ncbi.nlm.nih.gov/pubmed/23265995
http://dx.doi.org/10.1002/14651858.CD000245.pub3
http://www.ncbi.nlm.nih.gov/pubmed/24585130
http://www.ncbi.nlm.nih.gov/pubmed/11209098
http://dx.doi.org/10.1136/thorax.56.2.109
http://www.ncbi.nlm.nih.gov/pubmed/8094769

@° PLOS | ONE

Bacterial Infection in Acute Bronchitis

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Henry D, Ruoff GE, Rhudy J, Puopolo A, Drehobl M, Schoenberger J, et al. Effectiveness of short-
course therapy (5 days) with cefuroxime axetil in treatment of secondary bacterial infections of acute
bronchitis. Antimicrob Agents Chemother. 1995; 39(11):2528-34. Epub 1995/11/01. PMID: 8585739;
PubMed Central PMCID: PMCPmc162978.

Woodhead M, Blasi F, Ewig S, Garau J, Huchon G, leven M, et al. Guidelines for the management of
adult lower respiratory tract infections—full version. Clin Microbiol Infect. 2011; 17 Suppl 6:E1-59.
Epub 2011/11/02. doi: 10.1111/j.1469-0691.2011.03672.x PMID: 21951385.

Petersen |, Johnson AM, Islam A, Duckworth G, Livermore DM, Hayward AC. Protective effect of anti-
biotics against serious complications of common respiratory tract infections: retrospective cohort study
with the UK General Practice Research Database. BMJ. 2007; 335(7627):982. Epub 2007/10/20. doi:
10.1136/bmj.39345.405243.BE PMID: 17947744; PubMed Central PMCID: PMCPmc2072032.

World Health Organization. Pandemic influenza preparedness and response: a WHO guidance docu-
ment, Global Influenza Programme, Geneva 2009 [accessed 2013/08/22]. Available from: http://apps.
who.int/iris/bitstream/10665/44123/1/9789241547680_eng.pdf.

Korea Centers for Disease Control and Prevention. Korean Influenza Surveillance Scheme [accessed
2012/10/02]. Available from: http://www.cdc.go.kr/CDC/eng/contents/CdcEngContentView.jsp?cid=
18174&menulds=HOME002-MNU0826-MNU0827.

Allegra L, Blasi F, Diano P, Cosentini R, Tarsia P, Confalonieri M, et al. Sputum color as a marker of
acute bacterial exacerbations of chronic obstructive pulmonary disease. Respir Med. 2005; 99(6):742—
7. Epub 2005/05/10. doi: 10.1016/j.rmed.2004.10.020 PMID: 15878491.

Park S, Oh KC, Kim KS, Song KT, Yoo KH, Shim YS, et al. Role of Atypical Pathogens and the Antibi-
otic Prescription Pattern in Acute Bronchitis: A Multicenter Study in Korea. J Korean Med Sci. 2015; 30
(10):1446-52. Epub 2015/10/02. doi: 10.3346/jkms.2015.30.10.1446 PMID: 2642504 1; PubMed Cen-
tral PMCID: PMCPMC4575933.

Murray PR, Washington JA. Microscopic and baceriologic analysis of expectorated sputum. Mayo Clin
Proc. 1975; 50(6):339—-44. Epub 1975/06/01. PMID: 1127999.

CYP,JKS, LKH, KMN, M SM, P S, et al. The Bacterial Etiology of Community-Acquired Pneumonia
in Korea: A Nationwide Prospective Multicenter Study. Infect Chemother. 2010; 42(6):397—-403. Epub
2010/12/31.

Ahn JG, Choi SY, Kim DS, Kim KH. Phylogenetic Analysis of Human Bocavirus in Hospitalized Chil-
dren with Acute Respiratory Tract Infection in Korea. Korean J Pediatr Infect Dis. 2012; 19:71-8.

Sohn JW, Park SC, Choi YH, Woo HJ, Cho YK, Lee JS, et al. Atypical pathogens as etiologic agents in
hospitalized patients with community-acquired pneumonia in Korea: a prospective multi-center study.
J Korean Med Sci. 2006; 21(4):602—7. Epub 2006/08/08. PMID: 16891800; PubMed Central PMCID:
PMCPmc2729878. doi: 10.3346/jkms.2006.21.4.602

Lindsay DS, Abraham WH, Findlay W, Christie P, Johnston F, Edwards GF. Laboratory diagnosis of
legionnaires’ disease due to Legionella pneumophila serogroup 1: comparison of phenotypic and
genotypic methods. J Med Microbiol. 2004; 53(Pt 3):183-7. Epub 2004/02/19. PMID: 14970242. doi:
10.1099/jmm.0.05464-0

Nelson S, Matlow A, McDowell C, Roscoe M, Karmali M, Penn L, et al. Detection of Bordetella pertus-
sis in clinical specimens by PCR and a microtiter plate-based DNA hybridization assay. J Clin Micro-
biol. 1997; 35(1):117-20. Epub 1997/01/01. PMID: 8968891; PubMed Central PMCID:
PMCPmc229522.

Nduba VN, Mwachari CW, Magaret AS, Park DR, Kigo A, Hooton TM, et al. Placebo found equivalent
to amoxicillin for treatment of acute bronchitis in Nairobi, Kenya: a triple blind, randomised, equivalence
trial. Thorax. 2008; 63(11):999—-1005. Epub 2008/06/19. doi: 10.1136/thx.2008.097311 PMID:
18559367.

Freymuth F, Vabret A, Gouarin S, Petitjean J, Charbonneau P, Lehoux P, et al. Epidemiology and diag-
nosis of respiratory syncitial virus in adults. Rev Mal Respir. 2004; 21(1):35—-42. Epub 2004/07/21.
PMID: 15260036.

Jonsson JS, Sigurdsson JA, Kristinsson KG, Guthnadottir M, Magnusson S. Acute bronchitis in adults.
How close do we come to its aetiology in general practice? Scand J Prim Health Care. 1997; 15
(3):156—-60. Epub 1997/11/05. PMID: 9323784.

Lieberman D, Lieberman D, Korsonsky |, Ben-Yaakov M, Lazarovich Z, Friedman MG, et al. A compar-
ative study of the etiology of adult upper and lower respiratory tract infections in the community. Diagn
Microbiol Infect Dis. 2002; 42(1):21-8. Epub 2002/02/01. PMID: 11821167.

Creer DD, Dilworth JP, Gillespie SH, Johnston AR, Johnston SL, Ling C, et al. Aetiological role of viral
and bacterial infections in acute adult lower respiratory tract infection (LRTI) in primary care. Thorax.
2006; 61(1):75-9. Epub 2005/10/18. doi: 10.1136/thx.2004.027441 PMID: 16227331; PubMed Central
PMCID: PMCPmc2080713.

PLOS ONE | DOI:10.1371/journal.pone.0165553 October 27, 2016 13/15


http://www.ncbi.nlm.nih.gov/pubmed/8585739
http://dx.doi.org/10.1111/j.1469-0691.2011.03672.x
http://www.ncbi.nlm.nih.gov/pubmed/21951385
http://dx.doi.org/10.1136/bmj.39345.405243.BE
http://www.ncbi.nlm.nih.gov/pubmed/17947744
http://apps.who.int/iris/bitstream/10665/44123/1/9789241547680_eng.pdf
http://apps.who.int/iris/bitstream/10665/44123/1/9789241547680_eng.pdf
http://www.cdc.go.kr/CDC/eng/contents/CdcEngContentView.jsp?cid=18174&amp;menuIds=HOME002-MNU0826-MNU0827
http://www.cdc.go.kr/CDC/eng/contents/CdcEngContentView.jsp?cid=18174&amp;menuIds=HOME002-MNU0826-MNU0827
http://dx.doi.org/10.1016/j.rmed.2004.10.020
http://www.ncbi.nlm.nih.gov/pubmed/15878491
http://dx.doi.org/10.3346/jkms.2015.30.10.1446
http://www.ncbi.nlm.nih.gov/pubmed/26425041
http://www.ncbi.nlm.nih.gov/pubmed/1127999
http://www.ncbi.nlm.nih.gov/pubmed/16891800
http://dx.doi.org/10.3346/jkms.2006.21.4.602
http://www.ncbi.nlm.nih.gov/pubmed/14970242
http://dx.doi.org/10.1099/jmm.0.05464-0
http://www.ncbi.nlm.nih.gov/pubmed/8968891
http://dx.doi.org/10.1136/thx.2008.097311
http://www.ncbi.nlm.nih.gov/pubmed/18559367
http://www.ncbi.nlm.nih.gov/pubmed/15260036
http://www.ncbi.nlm.nih.gov/pubmed/9323784
http://www.ncbi.nlm.nih.gov/pubmed/11821167
http://dx.doi.org/10.1136/thx.2004.027441
http://www.ncbi.nlm.nih.gov/pubmed/16227331

@° PLOS | ONE

Bacterial Infection in Acute Bronchitis

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Evans AT, Husain S, Durairaj L, Sadowski LS, Charles-Damte M, Wang Y. Azithromycin for acute
bronchitis: a randomised, double-blind, controlled trial. Lancet. 2002; 359(9318):1648-54. Epub 2002/
05/22. doi: 10.1016/s0140-6736(02)08597-5 PMID: 12020525.

Hopstaken RM, Coenen S, Butler CC. Treating patients not diagnoses: challenging assumptions
underlying the investigation and management of LRTI in general practice. J Antimicrob Chemother.
2005; 56(5):941-3. Epub 2005/09/10. doi: 10.1093/jac/dki330 PMID: 16150860.

Braman SS. Chronic cough due to acute bronchitis: ACCP evidence-based clinical practice guidelines.
Chest. 2006; 129(1 Suppl):95s—103s. Epub 2006/01/24. doi: 10.1378/chest.129.1_suppl.95S PMID:
16428698.

Kaiser L, Lew D, Hirschel B, Auckenthaler R, Morabia A, Heald A, et al. Effects of antibiotic treatment
in the subset of common-cold patients who have bacteria in nasopharyngeal secretions. Lancet. 1996;
347(9014):1507—-10. Epub 1996/06/01. PMID: 8684101.

Schuetz P, Muller B, Christ-Crain M, Stolz D, Tamm M, Bouadma L, et al. Procalcitonin to initiate or
discontinue antibiotics in acute respiratory tract infections. Cochrane Database Syst Rev. 2012; 9:
Cd007498. Epub 2012/09/14. doi: 10.1002/14651858.CD007498.pub2 PMID: 22972110.

Macfarlane J, Prewett J, Rose D, Gard P, Cunningham R, Saikku P, et al. Prospective case-control
study of role of infection in patients who reconsult after initial antibiotic treatment for lower respiratory
tract infection in primary care. BMJ. 1997; 315(7117):1206—10. Epub 1997/12/11. PMID: 9393227,
PubMed Central PMCID: PMCPmc2127769.

Holm A, Nexoe J, Bistrup LA, Pedersen SS, Obel N, Nielsen LP, et al. Aetiology and prediction of pneu-
monia in lower respiratory tract infection in primary care. Br J Gen Pract. 2007; 57(540):547-54. Epub
2007/08/31. PMID: 17727747; PubMed Central PMCID: PMCPmc2099637.

Graffelman AW, Knuistingh Neven A, le Cessie S, Kroes AC, Springer MP, van den Broek PJ. Patho-
gens involved in lower respiratory tract infections in general practice. Br J Gen Pract. 2004; 54
(498):15-9. Epub 2004/02/18. PMID: 14965401; PubMed Central PMCID: PMCPmc1314772.

Ruuskanen O, Lahti E, Jennings LC, Murdoch DR. Viral pneumonia. Lancet. 2011; 377(9773):1264—
75. Epub 2011/03/26. doi: 10.1016/s0140-6736(10)61459-6 PMID: 21435708.

Mosser AG, Vrtis R, Burchell L, Lee WM, Dick CR, Weisshaar E, et al. Quantitative and qualitative
analysis of rhinovirus infection in bronchial tissues. Am J Respir Crit Care Med. 2005; 171(6):645-51.
Epub 2004/12/14. doi: 10.1164/rccm.200407-9700C PMID: 15591468.

Seymour ML, Gilby N, Bardin PG, Fraenkel DJ, Sanderson G, Penrose JF, et al. Rhinovirus infection
increases 5-lipoxygenase and cyclooxygenase-2 in bronchial biopsy specimens from nonatopic sub-
jects. J Infect Dis. 2002; 185(4):540—4. Epub 2002/02/28. doi: 10.1086/338570 PMID: 11865407.

Renwick N, Schweiger B, Kapoor V, Liu Z, Villari J, Bullmann R, et al. A recently identified rhinovirus
genotype is associated with severe respiratory-tract infection in children in Germany. J Infect Dis.
2007; 196(12):1754—-60. Epub 2008/01/15. doi: 10.1086/524312 PMID: 18190255.

Seki M, Kosai K, Yanagihara K, Higashiyama Y, Kurihara S, Izumikawa K, et al. Disease severity in
patients with simultaneous influenza and bacterial pneumonia. Intern Med. 2007; 46(13):953-8. Epub
2007/07/03. PMID: 17603232.

Jennings LC, Anderson TP, Beynon KA, Chua A, Laing RT, Werno AM, et al. Incidence and character-
istics of viral community-acquired pneumonia in adults. Thorax. 2008; 63(1):42—8. Epub 2007/06/19.
doi: 10.1136/thx.2006.075077 PMID: 17573440.

Mohan A, Chandra S, Agarwal D, Guleria R, Broor S, Gaur B, et al. Prevalence of viral infection
detected by PCR and RT-PCR in patients with acute exacerbation of COPD: a systematic review.
Respirology. 2010; 15(3):536—42. Epub 2010/04/27. doi: 10.1111/j.1440-1843.2010.01722.x PMID:
20415983.

Garcha DS, Thurston SJ, Patel AR, Mackay AJ, Goldring JJ, Donaldson GC, et al. Changes in preva-
lence and load of airway bacteria using quantitative PCR in stable and exacerbated COPD. Thorax.
2012; 67(12):1075-80. Epub 2012/08/07. doi: 10.1136/thoraxjnl-2012-201924 PMID: 22863758.

Diederen BM, van der Valk PD, Kluytmans JA, Peeters MF, Hendrix R. The role of atypical respiratory
pathogens in exacerbations of chronic obstructive pulmonary disease. Eur Respir J. 2007; 30(2):240—
4. Epub 2007/04/27. doi: 10.1183/09031936.00012707 PMID: 17459899.

Park S, Lee SH, Seo KH, Shin KC, Park YB, Lee MG, et al. Epidemiological aspects of pertussis
among adults and adolescents in a Korean outpatient setting: a multicenter, PCR-based study. J
Korean Med Sci. 2014; 29(9):1232-9. doi: 10.3346/jkms.2014.29.9.1232 PMID: 25246741; PubMed
Central PMCID: PMC4168176.

Capelastegui A, Espana PP, Bilbao A, Gamazo J, Medel F, Salgado J, et al. Etiology of community-
acquired pneumonia in a population-based study: link between etiology and patients characteristics,
process-of-care, clinical evolution and outcomes. BMC Infect Dis. 2012; 12:134. Epub 2012/06/14.
doi: 10.1186/1471-2334-12-134 PMID: 22691449; PubMed Central PMCID: PMCPmc3462155.

PLOS ONE | DOI:10.1371/journal.pone.0165553 October 27, 2016 14/15


http://dx.doi.org/10.1016/s0140-6736(02)08597-5
http://www.ncbi.nlm.nih.gov/pubmed/12020525
http://dx.doi.org/10.1093/jac/dki330
http://www.ncbi.nlm.nih.gov/pubmed/16150860
http://dx.doi.org/10.1378/chest.129.1_suppl.95S
http://www.ncbi.nlm.nih.gov/pubmed/16428698
http://www.ncbi.nlm.nih.gov/pubmed/8684101
http://dx.doi.org/10.1002/14651858.CD007498.pub2
http://www.ncbi.nlm.nih.gov/pubmed/22972110
http://www.ncbi.nlm.nih.gov/pubmed/9393227
http://www.ncbi.nlm.nih.gov/pubmed/17727747
http://www.ncbi.nlm.nih.gov/pubmed/14965401
http://dx.doi.org/10.1016/s0140-6736(10)61459-6
http://www.ncbi.nlm.nih.gov/pubmed/21435708
http://dx.doi.org/10.1164/rccm.200407-970OC
http://www.ncbi.nlm.nih.gov/pubmed/15591468
http://dx.doi.org/10.1086/338570
http://www.ncbi.nlm.nih.gov/pubmed/11865407
http://dx.doi.org/10.1086/524312
http://www.ncbi.nlm.nih.gov/pubmed/18190255
http://www.ncbi.nlm.nih.gov/pubmed/17603232
http://dx.doi.org/10.1136/thx.2006.075077
http://www.ncbi.nlm.nih.gov/pubmed/17573440
http://dx.doi.org/10.1111/j.1440-1843.2010.01722.x
http://www.ncbi.nlm.nih.gov/pubmed/20415983
http://dx.doi.org/10.1136/thoraxjnl-2012-201924
http://www.ncbi.nlm.nih.gov/pubmed/22863758
http://dx.doi.org/10.1183/09031936.00012707
http://www.ncbi.nlm.nih.gov/pubmed/17459899
http://dx.doi.org/10.3346/jkms.2014.29.9.1232
http://www.ncbi.nlm.nih.gov/pubmed/25246741
http://dx.doi.org/10.1186/1471-2334-12-134
http://www.ncbi.nlm.nih.gov/pubmed/22691449

o @
@ : PLOS | ONE Bacterial Infection in Acute Bronchitis

46. Gutierrez F, Masia M, Rodriguez JC, Mirete C, Soldan B, Padilla S, et al. Epidemiology of community-
acquired pneumonia in adult patients at the dawn of the 21st century: a prospective study on the Medi-
terranean coast of Spain. Clin Microbiol Infect. 2005; 11(10):788-800. Epub 2005/09/13. doi: 10.1111/
j-1469-0691.2005.01226.x PMID: 16153252.

PLOS ONE | DOI:10.1371/journal.pone.0165553 October 27, 2016 15/15


http://dx.doi.org/10.1111/j.1469-0691.2005.01226.x
http://dx.doi.org/10.1111/j.1469-0691.2005.01226.x
http://www.ncbi.nlm.nih.gov/pubmed/16153252

